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AUTHORS  1 COMMENTS 


Both  the  English  system  of  units  and  SI  units  have  been  used  in  this 
report  with  the  exception  of  the  data  tables  where  the  gage  calibrations 
and  computer  output  for  overpressure  are  in  pounds  per  square  inch.  Dual 
scales  were  not  used  because  the  primary  objective  of  the  tables  is  to 
determine  ratios  and  percentages  of  input  pressure  and  transmitted  pres- 
sure which  would  be  the  same  in  either  system  of  units. 

There  is  also  a need  to  keep  continuity  of  the  present  results  with 
previously  published  results  (Reference  1)  conceived  with  the  same  subject 
matter.  All  equations  developed  in  this  report  satisfy  both  systems  of 
units . 
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I . INTRODUCTION 


This  is  the  second*  in  a series  of  reports  which  define  the  parameters 
affecting  the  attenuation  of  shock  waves  passing  through  vented  wall 
plates.  Results  are  reported  here  for  the  attenuation  of  shock  waves 
through  single  perforated  plates  as  a function  of  the  number  and  size  of 
vent  holes  in  a plate. 

A.  Background 


Under  the  US  Army’s  Production  Base  Modernization  (PBM)  program  for 
munition  processing  facilities,  a two-phase  program  has  been  initiated  to 
develop  suppressive  shields.  One  phase,  the  Category  Shield  program,  will 
produce  a series  of  shields  for  specific  munition  applications. 

For  the  second  phase,  the  Applied  Technology  Development  Phase,  a major 
responsibility  has  been  given  to  the  Ballistic  Research  Laboratory  (BRL) . 
The  basic  requirement  of  this  phase  is  to  develop  a general  technology  base 
for  suppressive  shields.  The  basic  design  criteria  require  containment  of 
fragments  and  attenuation  of  the  blast  wave  from  accidental  explosions  in 
munition  processing  plants.  This  report  is  concerned  with  the  blast  atten- 
uation part  of  the  requirement. 

B . Obj  ectives 


1.  Define  and  determine  the  suppressive  structure  parameters  which 
affect  the  attenuation  of  the  blast  wave. 

2.  Develop  an  understanding  of  blast  wave  suppression  so  as  to  design 
an  efficient  blast  suppressor. 

The  objective  of  this  report  is  to  present  results  obtained  from  a 
study  of  pressure  attenuation  of  shock  waves  passing  through  perforated 
plates.  The  variables  were  hole  size,  number  of  holes,  and  incident  peak 
overpressure . 


II.  EXPERIMENT 

This  section  describes  the  experimental  equipment  and  design  of  the 
perforated  plates. 

A.  Instrumentation 


The  shock  waves  were  generated  inside  a 4-inch  (10.2  cm)  inside 
diameter  shock  tube.  The  driver  section  used  was  12  inches  (30.48  cm) 


*The  first  report  is  entitled 3 " Shock  Wave  Attenuation  by  Single  Perforated 
Plates j"  Charles  Kingery  and  George  Coulter 3 BR L Memorandum  Report  2664 3 
August  1976 . 
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long;  driver  gas  was  helium.  The  test  station  was  located  100  inches 
(254  cm)  from  the  diaphragm  at  the  driver  section.  Another  200  inches 
(508  cm)  of  tube  was  added  downstream  of  the  test  station  to  delay  the 
return  of  reflections  from  the  closed  end. 

The  short  driver  section  was  chosen  so  as  to  form  a peaked  decaying 
shock  wave  similar  to  that  produced  by  a high  explosive  detonation. 
Calibrated  aluminum  and  copper  diaphragm  materials  were  used  to  contain 
the  driver  gas  in  the  compression  chamber  until  the  desired  pressure  was 
obtained.  Figure  1 shows  a sketch  of  the  shock  tube. 

Pressure-time  profiles  of  the  shock  waves  were  recorded  at  the  loca- 
tions shown  in  the  sketch.  The  transducers  were  tourmaline  crystal  type. 
Model  ST-4,  manufactured  by  Susquehanna  Instruments  Company.  They  were 
threaded  into  the  shock  tube  wall  as  nearly  flush  as  possible.  Charge 
amplifiers,  Kistler  Model  506;  and  oscilloscopes,  Tektronix  Model  502-A; 
completed  the  recording  instrumentation. 

B . Plate  Design 


The  perforated  plates  were  designed  to  investigate  the  effect  of 
number  of  holes  and  hole  size  on  shock  wave  attenuation  for  different 
incident  peak  overpressures*.  Several  vent  areas,  A^,  in  the  range  from 

5-50  percent  were  chosen  for  testing.  The  number  and  diameter  of  the 
holes  were  varied  for  each  of  the  several  percentages  of  area  vented. 

Single  steel  plates,  0.25  inch  (0.64  cm)  thick,  were  bolted  between 
the  flanges  of  the  shock  tube  at  the  point  shown  in  Figure  1.  The  number, 
diameter,  and  size  of  the  holes  in  the  various  plates  are  listed  in 
Table  I.  Sketches  of  the  plates  are  shown  in  Figure  2. 


III.  RESULTS 

The  test  results  are  presented  in  three  sections  covering  the  shock 
tube  calibration,  the  transmitted  pressure,  and  the  pressure  transmission 
ratio . 

A.  Shock  Tube  Calibration 


The  shock  tube  was  calibrated  by  measuring  the  attenuation  of  the 
shock  waves  with  distance  along  the  shock  tube  when  no  plates  were 
installed;  i.e.,  when  A^  = 100  percent  open. 

This  was  done  by  measuring  a series  of  shock  over-pressure  levels 
between  gage  Station  3 and  Station  6.  The  earlier  work,  as  noted  in 


*All  pressures  discussed  in  this  report  are  overpressures not  absolute 
values . 
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Figure  1 . Shock  Tube  Test  Setup 


Table  I.  Test  Plates 


Plate 

No.  of 

No. 

Holes 

Hole  Diameter 

Hole  Area 


A 


v 

Area  Vented 
Percent 


inches 

(cm) 

i 

3 

0.50 

( 1.27) 

2 

52 

0.125 

( 0.32) 

3 

5 

0.50 

( 1-27) 

4 

6 

0.50 

( 1-27) 

5 

105 

0.125 

( 0.32) 

6 

16 

0.50 

( 1-27) 

7 

256 

0.125 

( 0.32) 

8 

68 

0.25 

( 0.64) 

9 

307 

0.125 

( 0.32) 

10 

392 

0.125 

( 0.32) 

11 

105 

0.25 

( 0.64) 

12 

1 

2.81 

( 7.14) 

13 

32 

0.50 

( 1-27) 

- 

1 

4.0 

(10.2  ) 

4.69 
5.1 
7.81 
9.37 
10.2 

25.0 

25.0 
26.6 

30.0 
38.2 

41.0 
49.4 

50.0 
100. 

x 100 


. Hole  Area  x Number  of  Holes 

yy  = — — 

v Cross-Section  Area  of  Shock  Tube 


inches  (cm  ) 

0.196  ( 1.267) 
0.012  ( 0.080) 
0.196  ( 1.267) 
0.196  ( 1.267) 
0.012  ( 0.080) 
0.196  ( 1.267) 
0.012  ( 0.080) 
0.049  ( 0.322) 
0.012  ( 0.080) 
0.012  ( 0.080) 
0.049  ( 0.322) 
6.202  (40.04  ) 
0.196  ( 1.267) 
12.566  (81.073) 
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PLATE  I -4.69%  OPEN 
3 HOLE S , 1/2"  DIA. 


PLATE  3 - 7.81  % OPEN 
5 HOLES,  1/2“  DIA. 


PLATE  2 - 5 I % OPEN 
52  HOLES,  1/8"  DIA. 


PLATE  4-9.37%  OPEN 
6 HOLES,  1/2" DIA. 


Figure  2.  Arrangement  of  Holes  in  the  Test  Plates 
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PLATE  5 - 10.2%  OPEN 
105  HOLES,  1/8"  DIA. 


PLATE  6 -25%  OPEN 
16  HOLES, 1/2"  DIA. 
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PLATE  7-  25%  OPEN 
256  HOLES,  1/8‘DIA. 


PLATE  8-26.6%  OPEN 
68  HOLES,  1/4" DIA. 


Figure  2.  (Cont'd)  Arrangement  of  Holes  in  the  Test  Plates 
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PLATE  9-  30  % OPEN 
308  HOLES  ,1/8“  DIA 


PLATE  10  - 38  2 % OPEN 
392  HOLES,  1/8“  0IA. 


PLATE  II-  41  % OPEN 
105  HOLES,  1/4“  OIA. 


PLATE  12-  49  4 % OPEN 
I HOLE,  2-13/16" OIA. 


Figure  2.  (Cont'd)  Arrangement  of  Holes  in  the  Test  Plates 
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PLATE  13*50  % OPEN 
32  HOLES,  1/2*  DIA. 


Figure  2.  (Cont'd)  Arrangement  of  Holes  in  the  Test  Plates 
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Reference  1,  determined  a calibration  curve  for  the  shock  tube  over  a 
range  of  overpressure  from  45  psi  (310  kPa)  to  218  psi  (1503  kPa) . This 
curve  with  data  points  is  presented  in  Figure  3.  The  straight  line  fit 
is  represented  by  Equation  1, 

PT  100  = 0.7855  Pj  (1) 

when  P^  100  is  the  transmitted  pressure  for  = 100  percent  and  P^  is 
the  input  pressure. 

The  peak  overpressure  measured  at  Station  6 when  a perforated  plate 
is  in  the  shock  tube  will  be  compared  to  the  value  calculated  from  Equa- 
tion 1 for  the  input  pressure  of  a given  shot. 

Figures  4 through  6 show  typical  record  traces  within  the  calibrated 
range  of  the  shock  tube,  The  upper  traces  are  the  input  condition  at 
Station  3 and  the  lower  traces  are  attenuated  pressures  recorded  at 
Station  6 for  the  unobstructed  shock  tube. 

B.  Transmitted  Pressure 


Section  A described  the  pressure  transmitted  down  the  unobstructed 
shock  tube.  This  section  will  deal  with  the  pressure  transmitted  down 
the  shock  tube  when  plates  with  various  vented  areas  are  inserted  in  the 
tube.  Presented  in  Figure  7 is  a typical  set  of  traces  from  the  shock 
tube  when  obstructed  by  a perforated  plate.  Other  representative  pres- 
sure-time traces  are  grouped  in  the  Appendix. 

Tables  II  through  XIV  list  the  attenuation  results  of  the  shock  wave- 
plate  interactions.  Columns  2 and  3 of  the  tables  list  the  input  pres- 
sure (Pj)  at  Station  3 and  the  attenuated,  transmitted  pressure  (P^)  at 

Station  6,  respectively.  Column  5 lists  the  transmitted  pressure  for  the 
unobstructed  no-plate  case  (Ay  = 100%)  as  calculated  from  Equation  1 

above . 

Figure  8 shows  how  the  transmitted  pressure  (P^)  varies  with  input 

pressure  (Pj)  for  various  percentages  of  vented  plate  area.  The  family 

of  curves  (the  solid  lines)  for  the  control  plates  with  half-inch  holes 
may  be  represented  by  the  equation: 

Px  = C Pj  (2) 


2 

Charles  Kingery  and  George  Coulter,  "Shock  Wave  Attenuation  by  Single 
Perforated  Plates, " BRL  Memorandum  Report  2664,  August  1976. 

(AD  #B013764L) 
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Figure  3.  Input  Pressure  P versus  Transmitted  Pressure  ?T  for  A of  100  Percent 
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(B)  TRANSMITTED  PRESSURE 

Figure  4.  Pressure  versus  Time  Recorded  at  Station  3 and  6 
for  an  Input  Pressure  of  50  psi  (345  kPa) 
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Figure  5.  Pressure  versus  Time  Recorded  at  Station  3 and  6 
for  an  Input  Pressure  of  119  psi  (820  kPa) 
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Figure  6.  Pressure  versus  Time  Recorded  at  Station  3 and  6 
for  an  Input  Pressure  of  195  psi  (1344  kPa) 
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Figure  7.  Pressure  versus  Time  at  Stations  3 and  6 
for  Input  Pressure  of  50  PSI  - 25  Percent  Open 
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Figure  8.  Transmitted  Pressure  versus  Input  Pressure  for 
Different  Percentages  of  Area  Vented 
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where  C is  a function  of  the  plate  area  vented.  Values  of  C were  calcu- 
lated from  a simple  ratio  of  the  data  PT  for  x percent  opening  (Column  3) 

divided  by  (Column  2).  The  C values  are  listed  in  Column  4 of  Tables 
II  through  XIV. 

It  can  be  seen  from  the  average  values  of  C listed  in  Tables  II  through 
XIV  that  there  is  no  significant  effect  of  the  hole  size  or  number  of  holes 
in  a plate  with  the  exception  of  Plate  2 and  Plate  5 both  with  1/8-inch 
diameter  holes  consisting  of  52  and  105  in  number. 

C.  Pressure  Transmission  Ratio 


The  last  two  columns  of  Tables  II  through  XIV  contain  quantities  that 
are  helpful  in  defining  the  effectiveness  of  a perforated  plate  attenuator. 
The  first  quantity  is  defined  as  the  transmission  ratio  (P  ) . It  is 
defined  as  ^R 


P^  with  vented  plate 

^TR  P^  100  without  a plate  5 ^ 

where  P^  is  the  transmitted  pressure  in  each  case. 

A second  quantity,  the  percentage  of  attenuation  may  be  more  helpful 
in  some  cases.  It  is  equal  simply  to  (1  - P ) x 100.  The  average  values 

listed  of  these  quantities  in  Tables  II  through  XIV  are  summarized  in 
Table  XV. 


An  equation  of  the  form 


P 


TR 


B A 


v 


(4) 


was  used  to  fit  the  data  for  the  transmission  ratio  (P  ) as  a function 
of  area  vented  (A  ) . B and  N have  the  values  of  0.1094  and  0.5135,  respec- 
tively, for  plates  with  half-inch  holes  for  area  vented  below  50  percent. 

The  data  from  the  new  plates  listed  in  Table  XV  show  little  scatter 
from  the  values  established  from  plates  with  the  one-half  inch  diameter 
holes . 


For  a given  and  the  value  of  P^,  can  be  determined  by  calculating 
P.p£  from  Equation  4 and  P^  100  from  Equation  1 and  substituting  in  to 
Equation  3 to  obtain 

PT  = (0.7855  PT)  PTR  (5) 
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It  also  follows  that  by  dividing  both  sides  of  Equation  5 by  , one 
obtains  from  Equation  2, 

C = 0.7855  PTR,  and  (6) 

if  C is  determined  from  Tables  II  through  XIV  then 

PTR  = C/0.7855.  (7) 

A direct  comparison  of  the  experimental  values  of  the  Pressure  Trans- 
mission Ratio  (P  ) and  the  percent  of  pressure  attenuation  listed  in 

Tables  II  through  XIV  has  been  made  with  values  calculated  using  Equa- 
tion 4.  These  comparisons  are  made  in  Table  XV. 

The  values  of  pressure  transmission  ratio  and  pressure  attenuation 
percent  from  Table  XV  have  been  plotted  in  Figures  9 and  10,  respectively. 
The  solid  line  represents  the  calculated  values  from  Equation  4 which  was 
established  from  the  experimental  values  obtained  from  the  plates  with 
half-inch  (1.27  cm)  holes.  The  symbols  indicate  how  well  the  data  compare 
when  obtained  from  plates  with  different  hole  sizes.  The  data  from  a A 

v 

of  5.1  and  10.2  percent  differ  most  from  the  trend  established  from  pre- 
vious tests.  It  should  be  noted  in  Table  XV  that  when  plates  with  a sim- 
ilar A^  are  tested  the  values  of  attenuation  percent  are  also  similar. 


IV.  CONCLUSIONS 

Based  upon  the  experimental  results  obtained,  a perforated  plate  did 
not  change  appreciably  its  ability  to  attenuate  shock  waves  when  the  hole 
size  was  changed.  It  was  only  at  the  small  values  of  Ay  with  1/8  hole 

size  that  a deviation  from  the  established  trend  was  noted. 

There  was  no  trend  established  for  pressure  transmission  ratio  or 
attenuation  percent  as  a function  of  input  pressure  (P ^ ) for  a given  A . 

The  expression 


P 


T 


C P 


I 


appears  to  be  valid  for  range  of  pressures  and  vent  areas  tested. 
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Table  II.  Pressure  Attenuation  Plate 
3,  1/2-Inch  Holes  - 4.69  Percent  Open 
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NOTE:  Psi  x 6.894757  = kPa. 
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Table  IV.  Pressure  Attenuation,  Plate 
5,  1/2-Inch  Holes  - 7.81  Percent  Open 
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Table  V.  Pressure  Attenuation,  Plate  ■ 
6,  1/2-Inch  Holes  - 9.37  Percent  Open 
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Average  0.276  0.351  64.9 


Table  VI.  Pressure  Attenuation,  Plate  5 
105,  1/8-Inch  Holes  - 10.2  Percent  Open 
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Table  VII.  Pressure  Attenuation,  Plate 
16,  1/2-Inch  Holes  - 25  Percent  Open 
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Average  0.461  0.589  41. 


Table  VIII.  Pressure  Attenuation,  Plate 
256,  1/8-Inch  Holes  - 25  Percent  Open 
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Table  IX.  Pressure  Attenuation,  Plate  i 
68,  1/4-Inch  Holes  - 26.6  Percent  Open 
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Average  0.457 


Table  X.  Pressure  Attenuation,  Plate 
308,  1/8-Inch  Holes  - 30  Percent  Open 
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Table  XI.  Pressure  Attenuation,  Plate  10 
392,  1/8-Inch  Holes  - 38.2  Percent  Open 
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Table  XII.  Pressure  Attenuation,  Plate  11, 
105,  1/4-Inch  Holes  - 41.0  Percent  Open 
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Average  0.562  0.716  28.4 


Table  XIII.  Pressure  Attenuation,  Plate  12 
1,  2-13/16-Inch  Hole  - 49.4  Percent  Open 
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Average  0.625  0.795  20.5 


Table  XIV.  Pressure  Attenuation,  Plate  13, 
32,  1/2-Inch  Holes  - 50  Percent  Open 


c 

o 

•H  4-> 

C 

rt  <d 
G o 
C P 
<D  O 

+->  Oh 
+-> 

< 


MO 


MO 

CM 


to 


Tf 

CM 


00 


to 


c 

MO 


CM 

CM 


O 

CM 


O 

CM 


CSS 

H 


o 

o 


o 

LO 


4-> 

rt 

css 


Ci 

c- 

CM 

Ci 

i-H 

00 

MO 

vO 

Cl 

to 

o 

LO 

00 

M0 

to 

C 

00 

r^ 

r^ 

00 

00 

o 

o 

o 

o 

O 

o 

o 

o 

o 

-d  e-h 
<D  Cu  o\° 
+->  v— ' 

+-> 

<D 

G 

10 


6 

to 

c 


d LO 
P (D 
E-i  P 

Oh 


o 

o 


II 


to 

c 

d- 

c 

i-H 

00 

vO 

CM 

CM 

LO 

MO 

to 

d- 

c 

i-H 

00 

c» 

i-H 

LO 

i-H 

LO 

i-H 

LO 

i-H 

c 

00 

c 

to 

to 

to 

o o 

♦H  LO 

+J 

os  a, 


LO 

LO 

d- 

to 

i-H 

CM 

O 

Tfr 

d* 

to 

c 

i-H 

oo 

LO 

i-H 

CM 

CM 

LO 

vO 

LO 

MO 

vO 

MO 

MO 

MO 

MO 

o 

o 

o 

O 

O 

O 

O 

O 

O 

a, 

V > 

<D 

50% 

•H 

o 

o 

i-H 

P 

in 

d- 

MO 

G 

II 

Ph 

H 

CM 

r-H 

L0 

to 

<D 

P 

a, 

A 

V 

i-H 

i-H 

i-H 

d- 


to 

o 

CM 

CM 

MO 

o 

i-H 

i-H 

to 

to 

to 

<1) 

4->  P 
G G /-% 

P W HH 

*rH 

o 

o 

LO 

o 

MO 

o 

CM 

o 

o 

G to  a. 

10 

00 

o 

LO 

i-H 

to 

Cl 

o 

o 

HH  <D  v— ' 

Pi 

Cl 

o 

Cl 

CM 

i-H 

i-H 

d- 

LO 

LO 

P 

a, 

i-H 

CM 

i-H 

i-H 

i-H 

i-H 

LO 


CM 

d- 


vO 


O 

d- 


00 

to 


Cl 

to 


40 


Average  0.623  0.795  20.5 


Table  XV.  Pressure  Attenuation  versus  Area  Vented 
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Pressure  Attenuation  Percent  = (1  - P„,_)  x 100 


PRESSURE  TRANSMISSION  RATIO 


Figure  9.  Pressure  Transmission  Ratio  as  a Function 
of  Percent  of  Area  Vented 
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PERCENT  PRESSURE  ATTENUATION 


Figure  10.  Percent  Pressure  Attenuation  as  a Function 
of  Percent  of  Area  Vented 
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APPENDIX 


PRESSURE -TIME  DATA 


This  Appendix  shows  a selection  of  records  which  represent  the 
pressure  as  a function  of  time  at  Station  3 (CH3)  and  Station  6 (CH6) . 
Station  3 was  located  0.75  tube  diameter  upstream  from  the  target  plate. 
Station  6 was  located  7 tube  diameters  downstream  of  the  target  plate  - 
a distance  sufficient  to  allow  the  transmitted  shock  wave  (P^)  to  reform 

after  passing  the  perforated  plate. 

Table  A-I  presents  data  for  the  target  plates.  Plate  number,  shot 
number,  area  vented,  and  hole  diameter  describe  the  target  plates. 

The  pressure-time  records  are  listed  according  to  percent  of  area 
open.  The  upper  trace  (CH3)  is  the  input  record  (Pj) . The  initial  peak 

is  the  side-on  value;  the  second  peak  is  the  portion  of  the  shock  wave 
reflected  upstream  from  the  target  plate.  The  lower  trace  is  the  trans- 
mitted pressure  at  Station  6 (CH6) . 
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Table  A-I.  Data  for  Pressure-Time  Records 


Plate 

No. 

Shot 

No. 

Area  Vented 
Percent 

Hole  Diameter 

inches 

1 

22 

4.69 

1/2 

2 

81 

5.1 

1/8 

3 

297 

7.81 

1/2 

4 

29 

9.37 

1/2 

5 

76 

10.2 

1/8 

6 

32 

25.0 

1/2 

7 

160 

25,0 

1/8 

8 

63 

26.6 

1/4 

9 

153 

30.0 

1/8 

10 

168 

38.2 

1/8 

11 

66 

41.0 

1/4 

12 

51 

49.4 

2-13/16 

13 

7 

50.0 

1/2 
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PRESSURE-.  p5J  PRESSURE 


SHUT  22  C H 3 

SUPPRESS! VE  STRUCTURES 


PLATE  I -INPUT  PRESSURE 


SHUT  22  CH6 

SUPPRESSIVE  STRUCTURES 


Figure  A-l.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 4.69  Percent  Open 
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PRESSURE > rr.t  PRESSURE.  PSI 


SHOT  81  CH3 

SUPPRESSIVE  STRUCTURES 


PUT!  t - I9PIT  mtmc 


SHUT  81  CHS 

SUPPRESS  I VE  STRUCTURES 


PLATE  2 - TRANSMITTED  PRESSURE 


Figure  A-2.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6-5.1  Percent  Open 
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SUPPRESSIVE  STRUCTURES 

SHOT  NO.  297 
CH.  3 


PLATE  3-  INPUT  PRESSURE 


SUPPRESSIVE  STRUCTURES 

SHOT  NO.  297 
CH  . 6 


TIME  .MILLISECONDS 

PLATE  3-TRANSMITTEO  PRESSURE 

Figure  A-3.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6-7.8  Percent  Open 


49 


PRESSURE,  PSI  PRESSURE,  PSI 


500 


SHOT  29  CH3 

SUPPRESSIVE  STRUCTURES 


400 

300 

200 

100 


TIME,  MILLISECONDS 

PLATE  4 -INPUT  PRESSURE 


SHOT  29  CHS 

SUPPRESSWE  STRUCTURES 


PLATE  4 -TRANSMITTED  PRESSURE 


Figure  A-4.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 9.37  Percent  Open 
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CO  H 


33URE,  PM  PRESSURE.  PM 


1 OCG 


SHBT  76  C.H3 

SUPPRESSIVE  STRUCTURES 


T I ME  * MILLISECONDS 

PLATE  5 -INPUT  PRESSURE 


3HCT  7B  CrIB 

SUPPRESS VE  STRUCTURES 


TIME;  MILLISECONDS 

PLATE  5- TRANSMITTED  PRESSURE 

Figure  A-5.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 10.2  Percent  Open 
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PRESSURE,  PST  ‘ PRESSURE- 


SHOT  32  CH3 

SUPPRESS TVE  STRUCTURES 


PLATE  I- INPUT  PRESSURE 


SHOT  32  CH6 

SUPPRESS  TVE  STRUCTURES 


TIME,  MILLISECONDS 

PLATE  I -TRANSMITTED  PRESSURE 


Figure  A-6.  Pressure-Time  Traces  Recorded  at  Stations  3 
and  6-25  Percent  Open,  1/2-Inch  Holes 
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SUPPRESSIVE  STRUCTURES 
SHOT  NO.  160 
CH.  3 


0123466789 

TIME.MIL  LI  SECONDS 


PLATE  7-IAPUT  PRESSURE 


SUPPRESSIVE  STRUCTURES 
SHOT  NO.  160 
CH.  6 
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TIME  .MILLISECONDS 


PLATE  7-TRANSNITTED  PRESSURE 


Figure  A-7.  Pressure-Time  Traces  Recorded  at  Stations  3 
and  6-25  Percent  Open,  1/8-Inch  Holes 
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PRESSURE,  PS I PRESSURE.  PR1 


SHST  63  CH3 

SUPPRESS  WE  STRUCTURES 


TIME,  MILLISECONDS 

PLATE  8 -INPUT  PRESSURE 


SHOT  63  CHS 

SUPPRESSIVE  STRUCTURES 


PLATE  8-TRANSNITTED  PRESSURE 


Figure  A-8.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 26.6  Percent  Open 
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FhESSURE  ,PS1  PRESSURE  .PS 


SUPPRESSIVE  STRUCTURES 
SHOT  NO.  1 b 3 
CH.  3 


TIME,  MILLISECONDS 

PLATE  9 - INPUT  PRESSURE 


SUPPRESSIVE  STRUCTURES 
SHOT  NO.  153 
CH.  6 


TIME  .MILLISECONDS 

PLATE  9- TRANSMITTED  PRESSURE 


Figure  A-9.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6-30  Percent  Open 
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ULLli 


SUPPRESSIVE  STRUCTURES 
SHOT  NO.  168 
CH.  3 


0 1 2 3 H 5 6 7 8 .9  10 

TIME  . M I L.  LI  SECONDS 

PLATE  10  - INPUT  PRESSURE 


SUPPRESSIVE  STRUCTURES 
SHOT  NO.  168 
CH.  6 


TIME  .MILLISECONDS 


PLATE  10 -TRANSMITTED  PRESSURE 


Figure  A-10.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 38.2  Percent  Open 
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PRESSURE.  PS  T PRESSURE, 


SHOT  54  CH3 

SUPFRES31VE  STRUCTURES 


1 1 

9 1 0 


PUT E II -INPUT  PtESSUIE 


SHOT  54  CH6 

SUPPRESS  I VE  STRUCTURES 


PLATE  II  - TRANSMITTED  PRESSURE 


Figure  A-ll.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 41.0  Percent  Open 
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PRESSURE,  pSI  PRESSURE, 


SHOT  51  CH3 

SUPPRESSIVE  STRUCTURES 


PLATE  12  - INPUT  PRESSURE 


SHOT  51  CHfi 

SUPPRESSIVE  STRUCTURES 


PLATE  12- TRANSMITTED  PRESSURE 


Figure  A-12.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6 - 49.4  Percent  Open 
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PRESSURE,  PS!  PRESSURE-  PSI 


SHOT  7 CH3 

SUPPRESSIVE  STRUCTURES 


PLATE  13-  INPUT  PRESSURE 


SHOT  7 CHB 

SUPPRESSIVE  STRUCTURES 


PLATE  13 -TRANSMITTED  PRESSURE 

Figure  A-13.  Pressure-Time  Traces  Recorded  at 
Stations  3 and  6-50  Percent  Open 
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LIST  OF  SYMBOLS 


PT  100 


Percent  of  plate  vented  = ar—  — x 100 

area  of  tube 

Input  peak  overpressure 
Transmitted  peak  overpressure 

Transmitted  peak  overpressure  for  unobstructed  tube 


TR 

Psi 

Pa 


Pressure  transmission  ratio  = 


P^,  for  Plate 


PT  100 


Pounds  force  per  square  inch 
Pascal  (newtons  per  square  metre) 


NOTE:  Psi  x 6.894757  = kPa. 
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